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(57) An oil pump emits less noise by properly form- 
ing the profiles of teeth of an inner rotor and an outer 
rotor thereof which engage each other, whereby de- 
creasing sliding resistance and rattle between the tooth 
surfaces of the rotors. The rotors (1 0, 20) of the oil pump 
are formed in such a manner that the inner rotor (1 0) 
having "n" teeth is formed such that the tooth tip profile 
and tooth space profile thereof are formed using cycloid 
curves which are formed by rolling a first circumscri bed- 
rolling circle (Ai) and a first inscribed-rolling circle (Bi) 
along a base circle (Di), respectively, and the outer rotor 
(20) having "n+1 " teeth is formed such that the tooth tip 
profile and tooth space profile thereof are formed using 
cycloid curves which are formed by rolling a second cir- 
cumscribed-rolling circle (Ao) and a second inscribed- 
rolling circle (Bo) along a base circle (Do), respectively, 
and in such a manner that the following equations are 
satisfied: 0Bo=0Bi; eDo=0Di-(n+1)/n+t-(n+1)/(n+2); 
and 0Ao=0Ai+t/(n+2), where 0D1, 0AI, 0B1, 0Do, oAo, 
and oBo are the diameters of the base circle of the inner 
rotor (10), of the first circumscribed-rolling circle (Ai), of 
the first inscribed-rolling circle (Bi), of the base circle of 
the outer rotor (20), of the second circumscribed-rolling 
circle (Ao), of the second inscribed-roiling circle (Bo), 
respectively, and t (*0) is gap between the tooth tip of 
the inner rotor (10) and the tooth tip of the outer rotor 
(20). 



FIG. 1 




CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



BEST AVAILABLE COPY 



1 



EP1 340 914 A2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] This invention relates to an oil pump rotor as- 
sembly used in an oil pump which draws and discharges 
fluid by volume change of cells formed between an inner 
rotor and an outer rotor. w 

Background Art 

[0002] A conventional oil pump comprises an inner ro- 
tor having "n" external teeth (hereinafter "n" indicates a is 
natural number), an outer rotor having "n+l" internal 
teeth which are engageable with the external teeth, and 
a casing in which a suction port for drawing fluid and a 
discharge port for discharging fluid are formed, and fluid 
is drawn and is discharged by rotation of the inner rotor 20 
which produces changes in the volumes of cells formed 
between the inner rotor and the outer rotor. 
[0003] Each of the cells is delimited at a front portion 
and at a rear portion as viewed in the direction of rotation 
by contact regions between the external teeth of the in- 25 
ner rotor and the internal teeth of the outer rotor, and is 
also delimited at either side portions by the casing, so 
that an independent fluid conveying chamber is formed. 
Each of the cells draws fluid as the volume thereof in- 
creases when the cell moves over the suction port after 30 
the volume thereof is minimized in the engagement 
process between the external teeth and the internal 
teeth, and the cell discharges fluid as the volume thereof 
decreases when the cell moves over the discharge port 
after the volume thereof is maximized. 35 
[0004] Oil pumps having the above structure are 
widely used as pumps for lubrication oil in automobiles 
and as an oil pump for automatic transmissions, etc., 
since such oil pumps are compact and are simply con- 
structed. When such an oil pump is installed in a vehicle, *o 
the oil pump is, for example, driven by the engine of the 
vehicle in such a manner that the inner rotor of the pump 
is directly connected to the crankshaft of the engine, 
which is known as "crankshaft direct drive". 
[0005] In such an oil pump, a tip clearance having ap- 45 
propriate size is formed between the tooth tip of the inner 
rotor and the tooth tip of the outer rotor when the inner 
and outer rotors are in a phase rotated by 1 80 degrees 
from a phase in which the inner and outer rotors engage 
each other in order to reduce pump noise and to in- so 
crease mechanical efficiency. 

[0006] As examples of methods for forming a tip clear- 
ance, the profiles of the teeth of the outer rotor may be 
uniformly cut so as to form clearance between the sur- 
faces of the teeth of the inner and outer rotors and so ss 
as to form a tip clearance between the tips of the teeth 
of the inner and outer rotors in an engagement state, or and 
alternatively, the cycloid curve defining the shape of the 



teeth may be partially flattened. 

[0007] Next, conditions, which must be satisfied when 
the profiles of the teeth of the inner and outer rotors are 
determined, will be explained below. 
[0008] With regard to the inner rotor ri, because the 
sum of the rolling distance of a first circumscribed-rolling 
circle ai (whose diameter is 0ai) and the rolling distance 
of a first in scribed- rolling circle bi (whose diameter is 
0bi) must be closed when each of the rolling circles com- 
pletes rolling along a base circle, i.e., the length of cir- 
cumference of a base circle di (whose diameter is odi) 
of the inner rotor ri must be equal to the length obtained 
by multiplying the sum of the rolling distance per revo- 
lution of the first circumscribed-rolling circle ai and the 
rolling distance of the first inscribed-rolling circle bi by 
an integer (i.e., by the number of teeth of the inner rotor 
ri), 0di=n-(0ai+0bi). 

[0009] Similarly, with regard to outer rotor ro ( the 
length of circumference of a base circle "do" (whose di- 
ameter is 0do) of the outer rotor ro must be equal to the 
length obtained by multiplying the sum of the rolling dis- 
tance per revolution of a second circumscribed-rolling 
circle ao (whose diameter is 0ao) and the rolling dis- 
tance of a second inscribed-rolling circle bo (whose di- 
ameter is 0bo) by an integer (i.e., by the number of teeth 
of the outer rotor ro), 

0do=(n+1 )(0ao+0bo). 

[0010] Here, because the inner rotor ri and the outer 
rotor ro must engage each other, assuming that an ec- 
centric distance between two rotors is "e", 



0ai+0bi=0ao+0bo=2e. 

[0011] Based on the above equations, 

(n+1)-0di=n-0do, 

which must be satisfied when the profiles of the inner 
rotor ri and outer rotor ro are determined. 
[0012] Here, in order to allocate a clearance (=s) to a 
clearance between a tooth space and a tooth tip in an 
engagement phase and to another clearance between 
the tips (a tip clearance) in a phase rotated by 1 80 de- 
grees from the engagement phase, the first and second 
circumscribed-rolling circles and the first and second in- 
scribed-rolling circles are formed so as to satisfy the fol- 
lowing equations: 

0ao=oai+s/2; 
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0bo=0bi-s/2. 

[0013] More specifically, by increasing the diameter 
of the circumscribeoSrolling circle of the outer rotor, as 
shown in FIG 8, a clearance of s/2 is formed between 
the tooth space of the outer rotor ro and the tooth tip of 
the inner rotor ri in the engagement phase. On the other 
hand, by decreasing the diameterof the inscribed-rolling 
circle of the inner rotor, as shown in FIG 9, a clearance 
of s/2 is formed between the tooth space of the inner 
rotor ri and the tooth tip of the outer rotor ro in the en- 
gagement phase. 

[001 4] The oil pump rotor assembly formed such that 
the above equations are satisfied are shown in FIGS. 7 
to 9. Dimensions in the oil pump rotor assembly are as 
follows: 0di (the diameter of the base circle di of the inner 
rotor ri) =52.00 mm; 0ai (the diameter of the first circum- 
scribed-rolling circle ai) =2.50 mm; 0bi (the diameter of 
the first incribed-rolling circle bi) =2.70 mm; the number 
of teeth Zi=n=10; the outer diameter of the outer rotor 
ro is 70 mm; 0do (the diameter of the base circle "do" 
of the outer rotor ro) =57.20 mm; 0ao (the diameter of 
the second circumscribed-rolling circle ao) =2.56 mm; 
0bo (the diameter of the second incribed-rolling circle 
bo) =2.64 mm; the number of teeth Zo=n+1=11 ; and the 
eccentric distance "e'^2.6 mm. 

[0015] As shown in FIGS. 8 and 9, between the ex- 
ternal teeth of the inner rotor and the internal teeth of 
the outer rotor, there are provided not only a radial clear- 
ance of s1 at the middle points of the tooth tip and the 
tooth space but also a circumferential clearance of s2 
at the vicinity of the intersecting point of the base circles 
and the tooth surfaces. 

[0016] If a clearance of "s" is formed by properly se- 
lecting the diameter of the second circumscribed-rolling 
circle ao and the diameter of the second incribed-rolling 
circle bo while setting the radial clearance s1 to be s/2, 
the circumferential clearances s2 become large as 
shown in FIGS. 8 and 9, and as a result, rattle and tooth 
surface slip between the inner rotor and the outer rotor 
are increased; therefore, problems are encountered in 
that loss in transmission torque is increased, heat is 
generated, and noise is emitted due to continual impacts 
between the rotors. 

SUMMARY OF THE INVENTION 

[001 7] Based on the above problems, an object of the 
present invention is to reduce noise emitted from an oil 
pump by properly forming the profiles of teeth of an inner 
rotor and an outer rotor thereof which engage each oth- 
er, whereby decreasing sliding resistance and rattle be- 
tween the tooth surfaces of the rotors. 
[0018] In order to achieve the above object, an oil 
pump assembly of a first aspect of the present invention 
comprises: an inner rotor having "n M external teeth; and 
an outer rotor having (n+1) internal teeth which are en- 



gageable with the external teeth, wherein the oil pump 
rotor assembly is used in an oil pump which further in- 
cludes a casing having a suction port for drawing fluid 
and a discharge port for discharging fluid are formed, 

s and which conveys fluid by drawing and discharging flu- 
id by volume change of cells formed between the inner 
rotor and the outer rotor produced by relative rotation 
between the inner rotor and the outer rotor engaging 
each other, wherein each of the tooth profiles of the inner 

10 rotor is formed such that the tip profile thereof is formed 
using an epicycloid curve which is formed by rolling a 
first circumscribed-rolling circle (Ai) along a base circle 
(Di) without slip, and the tooth space profile thereof is 
formed using a hypocycloid curve which is formed by 

15 rolling a first inscribed-rolling circle (Bi) along the base 
circle (Di) without slip, and each of the tooth profiles of 
the outer rotor is formed such that the tip profile thereof 
is formed using an epicycloid curve which is formed by 
rolling a second circumscribed-rolling circle (Ao) along 

20 a base circle (Do) without slip, and the tip profile thereof 
is formed using a hypocycloid curve which is formed by 
rolling a second inscribed-rolling circle (Bo) along the 
base circle (Do) without slip, and wherein the inner rotor 
and the outer rotor are formed such that the following 

25 equations are satisfied: 

0Bo=0Bi; 

30 

0Do=0Di-(n+1 )/n+t-(n+1 )/(n+2); 

and 

35 

0Ao=0Ai+t/(n+2), * 

where 0Di is the diameter of the base circle of the inner 
rotor, 0A1 is the diameter of the first circumscribed-roll- 

40 ing circle (Ai), 0Bi is the diameter of the first inscribed- 
rolling circle (Bi), 0Do is the diameter of the base circle 
of the outer rotor, 0AO is the diameter of the second cir- 
cumscribed-rolling circle (Ao), 0Bo is the diameter of the 
second inscribed-rolling circle (Bo), and t (#0) is gap be- 

45 tween the tooth tip of the inner rotor and the tooth tip of 
the outer rotor. 

[0019] More specifically, when tooth profiles of the in- 
ner and outer rotors are determined, because the sum 
of the rolling distances of the circumscribed-rolling circle 

so and the inscribed-rolling circle of the inner rotor must be 
equal to the circumferential length of the base circle 
thereof, and the sum of the rolling distances of the cir- 
cumscribed-rolling circle and the inscribed-rolling circle 
of the outer rotor must be equal to the circumferential 

55 length of the base circle thereof, the following equations 
must be satisfied: 
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0Di=n-(0Ao4-0Bo); 

and 

0Do=(n+1)-(0Ao+0Bo). 

[0020] In addition, in the present invention, the diam- 
eters of the inscribed-rolling circles of the inner and out- 
er rotors are set to be the same with respect to each 
other, i.e., 

0Bo=0Bi 

in order to reduce the circumferential clearance be- 
tween the tooth space of the inner rotor and the tooth 
tip of the outer rotor. 

[0021 ] Due to the above condition, the diameter of the 
inscribed-rolling circle of the outer rotor becomes great- 
er than In the conventional case (=0Bi-t/2); therefore, 
the diameter of the base circle of the outer rotor be- 
comes greater than in the conventional case (=0Di- 
(n+1 )/n) in order to ensure an appropriate clearance "t", 
i.e., 

0Do=0Di-(n+1)/n+(n+1)-t/(n+2). 

[0022] Because the diameter of the base circle of the 
outer rotor has been changed, in order to close the roll- 
ing distances of the circumscribed-rolling circle and the 
inscribed-rolling circle, the diameter of the circum- 
scribed-rolling circle of the outer rotor must be adjusted 
as follows: 

0Ao=0AM/(n+2). 

[0023] According to the present invention, because 
an appropriate radial clearance is ensured between the 
external teeth of the inner rotor and the internal teeth of 
the outer rotor, and the circumferential clearances be- 
tween the teeth of the rotors are reduced from that in 
the conventional case, rattle generated between the ro- 
tors becomes small, and quietness of the oil pump can 
be improved. 

[0024] In the oil pump according to the first and a sec- 
ond aspects of the present invention, the inner rotor and 
the outer rotor are formed such that the following ine- 
qualities are satisfied: 

0.03 mm ^ t <, 0.25 mm (mm: millimeter). 

[0025] According to the present invention, because 
the clearance t is set such that 0.03 mm £ t, pressure 



pulsation, cavitation noise, and wear of tooth surface are 
prevented. On the other hand, because the clearance t 
is set such that t £ 0.25 mm, decrease in volumetric ef- 
ficiency can be prevented. 
5 [0026] An oil pump assembly of a third aspect of the 
present invention comprises: an inner rotor having "n" 
external teeth; and an outer rotor having (n+1) internal 
teeth which are engageable with the external teeth, 
wherein the oil pump rotor assembly is used in an oil 
10 pump which further includes a casing having a suction 
port for drawing fluid and a discharge port for discharg- 
ing fluid are formed, and which conveys fluid by drawing 
and discharging fluid by volume change of cells formed 
between the inner rotor and the outer rotor produced by 
is relative rotation between the inner rotor and the outer 
rotor engaging each other, wherein each of the tooth 
profiles of the inner rotor is formed such that the tip pro- 
file thereof is formed using an epicycloid curve which is 
formed by rolling a first circumscribed-rolling circle (Ai) 
along a base circle (Di) without slip, and the tooth space 
profile thereof is formed using a hypocycloid curve 
which is formed by rolling a first inscribed-rolling circle 
(Bi) along the base circle (Di) without slip, and each of 
the tooth profiles of the outer rotor is formed such that 
the tip profile thereof is formed using an epicycloid curve 
which is formed by rolling a second circumscribed-roll- 
ing circle (Ao) along a base circle (Do) without slip, and 
the tip profile thereof is formed using a hypocycloid 
curve which is formed by rolling a second inscribed- roll- 
ing circle (Bo) along the base circle (Do) without slip, 
and wherein the inner rotor and the outer rotor are 
formed such that the following equations are satisfied: 

0Ao=oAt; 



0 Do=0Di-(n+1 )/n+t-(n+1 )/(n+2); and 



0Bo=0Bi+t/(n+2), 

where 0Di is the diameter of the base circle of the inner 
rotor, 0Ai is the diameter of the first circumscribed-roll- 
ing circle (Ai), 0Bi is the diameter of the first inscribed- 
rolling circle (Bi), 0Do is the diameter of the base circle 
of the outer rotor, 0Ao is the diameter of the second cir- 
cumscribed-rolling circle (Ao), 0BO is the diameter of the 
second inscribed-rolling circie (Bo), and t (#0) is gap be- 
tween the tooth tip of the inner rotor and the tooth tip of 
the outer rotor. 

[0027] More specifically, when tooth profiles of the in- 
ner and outer rotors are determined, because the sum 
of the rolling distances of the circumscribed-rolling circle 
and the inscribed-rolling circle of the inner rotor must be 
equal to the circumferential length of the base circle 
thereof, and the sum of the rolling distances of the cir- 
cumscribed-rolling circle and the inscribed-rolling circle 
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of the outer rotor must be equal to the circumferential 
length of the base circle thereof, the following equations 
must be satisfied: 



0Di=n-(0Ai+0Bi); 



and 



[0033] According to the present invention, because 
the clearance t is set such that 0.03 mm £ t, pressure 
pulsation, cavitation noise, and wear of tooth surface are 
prevented. On the other hand, because the clearance t 
is set such that t <, 0.25 mm, decrease, in volumetric ef- 
ficiency can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 



oDo=(n+1 H0AO+0BO). 

[0028] In addition, in the present invention, the diam- 
eters of the inscribed-rolling circles of the inner and out- 
er rotors are set to be the same with respect to each 
other, i.e., 

0Ao=oAi 

in order to reduce the circumferential clearance be- 
tween the tooth tip of the inner rotor and the tooth space 
of the outer rotor. 

[0029] Due to the above condition, the diameter of the 
circumscribed-rolling circle of the outer rotor becomes 
greater than in the conventional case (=oAi+t/2); there- 
fore, the diameter of the base circle of the outer rotor 
becomes greater than in the conventional case (=oDi- 
(n+1 )/n) in order to ensure an appropriate clearance T\ 
i.e., 



0Do=0Di-(n+1)/n+(n+1)-V(n+2 ). 

[0030] In order to close the rolling distances of the cir- 
cumscribed-rolling circle and the inscribed-rolling circle, 
the diameter of the inscribed-rolling circle of the outer 
rotor must be adjusted as follows: 



[0034] 



15 
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FIG. 1 is a plan view showing an oil pump rotor as- 
sembly according to a first embodiment of the 
present invention in which the inner and outer rotors 
thereof satisfy the following equations: 

oBo=0Bi; 



0Do=0Di.(n+1)/n+t.(n+1)/(n+2); 

and 

0Ao=0Af+t/(n+2), 
and t is set to be 0. 1 2 mm. 

FIG. 2 is an enlarged view showing the engagement 
region, indicated by II, of the oil pump shown in FIG. 
1. 

FIG. 3 is a graph showing comparison between 
noise of the oil pump shown in FIG. 1 and noise of 
a conventional oil pump. 

FIG. 4 is a plan view showing an oil pump rotor as- 
sembly according to a second embodiment of the 
present invention in which the inner and outer rotors 
thereof satisfy the following equations: 



oBo=0Bi+t/(n+2). 



0Ao=oAi; 



[0031] According to the present invention, because 
an appropriate radial clearance is ensured between the 
external teeth of the inner rotor and the internal teeth of 
the outer rotor, and the circumferential clearances be- 
tween the teeth of the rotors are reduced from that in 
the conventional case, rattle generated between the ro- 
tors becomes small, and quietness of the oil pump can 
be improved. 

[0032] in the oil pump according to the third and a 
fourth aspects of the present invention, the inner rotor 
and the outer rotor are formed such that the following 
inequalities are satisfied: 

0.03 mm < t ^ 0.25 mm (mm: millimeter). 



0Do=0Di-(n+1 )/n+t(n+1 )/(n+2); 

45 

and 

0Bo=oBi+t/(n+2), 

so 

and t is set to be 0.12 mm. 

FIG 5 is an enlarged view showing the engagement 
region, indicated by V, of the oil pump shown in FIG. 
1. 

55 FIG 6 is a graph showing comparison between 
noise of the oil pump shown in FIG. 4 and noise of 
a conventional oil pump. 

FIG. 7 is a plan view showing a conventional oil 
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pump rotor assembly in which the inner and outer 
rotors thereof satisfy the following equations: 

oDi=n-(0ai+0bi); 



cdo=(n+1)-(0ao+0bo); 



(n+1)-0di=n-0do; 



0ao=0ai+s/2; 

and 

0bo=0bi-s/2, 
and s is set to be 0.12 mm. 

0Bo=0Bi; 



0Do=0Di.(n+1)/n+t-(n+1)/(n+2); 

and 

0Ao=0Ai+t/(n+2), 
and t is set to be 0.12 mm. 

FIG. 8 is an enlarged view showing the engagement 
region, indicated by VIII, of the oil pump shown in 
FIG 7. 

FIG. 9 is an enlarged view showing the engagement 
region of the oil pump shown in FIG 7, and specifi- 
cally showing the engagement state between the 
tooth tip of the outer rotor and the tooth space of the 
inner rotor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] A first embodiment of the present invention will 
be explained below with reference to FIGS. 1 to 3. 
[0036] The oil pump shown in FIG. 1 comprises an 
inner rotor 10 provided with "n" external teeth ("n" indi- 
cates a natural number, and n=10 in this embodiment), 
an outer rotor 20 provided with "n+1" internal teeth 
(n+1=11 in this embodiment) which are engageable with 
the external teeth, and a casing 50 which accommo- 
dates the inner rotor 1 0 and the outer rotor 20. 
[0037] Between the tooth surfaces of the inner rotor 
1 0 and outer rotor 20, there are formed a plurality of cells 
C in the direction of rotation of the inner rotor 10 and 



outer rotor 20. Each of the cells C is delimited at a front 
portion and at a rear portion as viewed in the direction 
of rotation of the inner rotor 1 0 and outer rotor 20 by 
contact regions between the external teeth 11 of the in- 
5 ner rotor 1 0 and the internal teeth 21 of the outer rotor 
20, and is also delimited at either side portions by the 
casing 50, so that an independent fluid conveying cham- 
ber is formed. Each of the cells C moves while the inner 
rotor 1 0 and outer rotor 20 rotate, and the volume of 
10 each of the cells G cyclically increases and decreases 
so as to complete one cycle in a rotation. 
[0038] The inner rotor 1 0 is mounted on a rotational 
axis so as to be rotatabfe about an axis Oi. Each of the 
tooth profiles of the inner rotor 10 is formed such that 
15 the tooth tip profile thereof is formed using an epicycloid 
curve which is formed by rolling a first circumscribed- 
roliing circle Ai along a base circle Di of the inner rotor 
10 without slip, and the tooth space profile thereof is 
formed using a hypocycloid curve which is formed by 
rolling a first inscribed-rolling circle Bi along the base 
circle Di without slip. 

[0039] The outer rotor 20 is mounted so as to be ro- 
tatable, in the casing 50, about an axis Oo which is dis- 
posed so as to have an offset (the eccentric distance is 
M e") from the axis Oi. Each of the tooth profiles of the 
outer rotor 20 is formed such that the tooth space profile 
thereof is formed using an epicycloid curve which is 
formed by rolling a second circumscribed-rolling circle 
Ao along a base circle Do of the outer rotor 20 without 
slip, and the tooth tip profile thereof is formed using a 
hypocycloid curve which is formed by rolling a second 
inscribed-rolling circle Bo along the base circle Do with- 
out slip. 

[0040] When the diameter of the base circle Di of the 
inner rotor 10, the diameter of the first circumscribed- 
rolling circle Ai, the diameter of the first inscribed-rolling 
circle Bi, the diameter of the base circle Do of the outer 
rotor 20, the diameter of the second circumscribed-roll- 
ing circle Ao, and the diameter of the second inscribed- 
rolling circle Bo are assumed to be 0Di, 0Ai, 0Bi, 0Do, 
0Ao, and 0Bo, respectively, the equations which will be 
discussed below are to be satisfied between the inner 
rotor 1 0 and the outer rotor 20. Note that dimensions will 
be expressed in millimeters. 

[0041] First, with regard to the inner rotor 1 0, because 
both rolling distance of the first circumscribed-rolling cir- 
cle Ai and rolling distance of the first inscribed-roiling 
circle Bi must be closed when each of the rolling circles 
completes rolling along a base circle, i.e., the length of 
circumference of the base circle Di of the inner rotor 1 0 
must be equal to the length obtained by multiplying the 
sum of the rolling distance per revolution of the first cir- 
cumscribed-rolling circle Ai and the rolling distance of 
the first inscribed-rolling circle Bi by an integer (i.e., by 
the number of teeth of the inner rotor 1 0), 

7i-0Di=n-7i-(0Ai+0Bi), i.e., 
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0Di=n-(0Ai+0Bi) (la). 

[0042] Similarly, with regard to outer rotor 20, the 
length of circumference of the base circle Do of the outer 
rotor 20 must be equal to the length obtained by multi- 
plying the sum of the rolling distance per revolution of 
the second circumscribed-rolling circle Ao and the roll- 
ing distance of the second inscribed-rolling circle Bo by 
an integer (i.e., by the number of teeth of the outer rotor 
20), 

n-0Do={n+"\yn-(0Ao+0Bo) t i.e., 



0Do=(n+1).(0Ao+0Bo) (lb). 

[0043] Next, the conditions required for determining 
tooth profiles of the outer rotor 20 according to this em- 
bodiment wiil be explained below based on the discus- 
sion about the outer rotor ro (specifically, the second cir- 
cumscribed-rolling circle ao (whose diameter is oao), 
the second inscribed-rolling circle bo (whose diameter 
is obo), and the base circle "do"(whose diameter is 
odo)). 

[0044] The outer rotor ro engages the inner rotor 10 
according to the present embodiment with a clearance 
of T while being disposed with respect to the inner rotor 
10 so as to have an offset (the eccentric distance is "e"), 
and, as explained above, the following equations are 
satisfied: 

0do=0Di-(n+1)/n (II); 

and 

0do=(n+1)-(0ao+0bo) (III) 



0ao=0Ai+t/2 (Ilia) 



0bo=0Bi-t/2 (lllb). 

[0045] The inner rotor 1 0 engaging the outer rotor ro 
satisfies the following generic equations: 

0ai+0bi=0Ai+0Bi=2e (1); 

and 

0Di=0do-2e (2). 



[0046] In this embodiment, In order to decrease the 
circumferential clearances t2 while ensuring the radial 
clearance t1 between the tooth tip of the outer rotor 20 
and the tooth space of the inner rotor 1 0 in the engage- 
5 ment phase, the diameters are set as follows: 

0Bo=0bi=oBi (IV). 

10 [0047] Based on the above equations (IV) and (1), 

oai=0Ai (3). 

15 [0048] When the inscribed-rolling circle of the outer 
rotor 20 is set as described above, the clearance T 
which is expressed as 

t=(0 Do-0 Bo+0 Ao)-(0 Di+0 Ai+0 Ai) 

can be expressed, using the above equations (1) to (3) 
and (IV), as follows: 

t=(0Do-0do)+(0Ao-0ai) (V). 

[0049] Based on the above equations (lb), (III), (IV), 
and (V), 

t=(0Ao-0ai)-(n+2) (VI); 



0Ao=0ai+t/(n+2). 

[0050] Next, the diameter 0Do of the base circle Do 
40 is to be found. Based on the above equations (lb) and 
OH). 

oDo-0do=(n+1 )-(0Ao+0Bo)-(n+1 )-(0ao-H0bo). 

45 

[0051] Furthermore, based on the above equations 
(Ilia), (lllb), and (IV), 

50 0Do-0do=(n+1).(0Ao-0ai) (VII). 

[0052] By using the equation (VI), the equation (VII) 
can be expressed as follows: 

55 

0Do-0do=(n+1 )-t/(n+2). 
[0053] Furthermore, by using the equation (II), ©Do 



25 



30 



therefore, 

35 



1 



13 



EP1 340 914 A2 



14 



can be expressed as follows: 

0Do=(n+1)-0Di/n+(n+1)-t/(n+2) (A). 

[0054] Next, by using the equation (lb), 

0Ao=0Do/(n+1 )-0Bo; 

therefore, by using the equation (A), 

0 Ao=0 Di/n+t/(n+2)-0 Bo, 

furthermore, by using the equations (la) and (IV), 

0Ao=0Ai+t/<n+2) (B). 

[0055] By summarizing the above equations, the out- 
er rotor 20 is formed such that the following equations 
are satisfied: 

0Bo=0bi=0Bi (IV); 



0Do=(n+1)-0Di/n+(n+1)-t/(n+2) (A); 

and 

0Ao=0Ai+t/(n+2) (B). 

[0056] FIGS. 1 and 2 show the oil pump rotor assem- 
bly in which the inner rotor 1 0 is formed so as to satisfy 
the above relationship (the diameter 0Di of the base cir- 
cle Di is 52.00 mm, the diameter 0Ai of the first circum- 
scribed-rolling circle Ai is 2.50 mm, the diameter 0Bi of 
the first inscribed-rolling circle Bi is 2.70 mm, and the 
number of teeth Zi, i.e., "n w is 10), the outer rotor 20 is 
formed so as to satisfy the above relationship (the outer 
diameter thereof is 70 mm, the diameter 0 Do of the base 
circle Do is 57.31 mm, the diameter 0Ao of the second 
circumscribed-rolling circle Ao is 2.51 mm, and the di- 
ameter 0BO of the second inscribed-rolling circle Bo is 
2.70 mm), and the rotors are combined with the clear- 
ance T of 0.12 mm, and the eccentric distance "e" of 
2.6 mm. 

[0057] In the casing 50, a suction port having a curved 
shape (not shown) is formed In a region along which 
each of the cells C, which are formed between the rotors 
1 0 and 20, moves while gradually increasing the volume 
thereof, and a discharge port having a curved shape (not 
shown) is formed in a region along which each of the 
cells C moves while gradually decreasing the volume 
thereof. 



[0058] Each of the cells C draws fluid as the volume 
thereof increases when the cell C moves over the suc- 
tion port after the volume of the cell C is minimized in 
the engagement process between the external teeth 11 
5 and the internal teeth 21 , and the cell C discharges fluid 
as the volume thereof decreases when the cell C moves 
over the discharge port after the volume of the cell C is 
maximized. 

[0059] Note that if the clearance T is too small, pres- 
to sure pulsation is generated in fluid being discharged 
from the cell C whose volume is decreasing, which leads 
to generation of cavitation noise, whereby operation 
noise of the pump is increased. Moreover, the rotors 
may not smoothly rotate due to the pressure pulsation. 
15 [0060] On the other hand, if the clearance "t" is too 
large, pressure pulsation is not generated, operation 
noise is decreased, and sliding resistance between the 
tooth surfaces is decreases due to a large backlash, 
whereby mechanical efficiency is improved; however, 
20 the fluidtight performance of each of the cells is degrad- 
ed, and performance of the pump, specifically, the vol- 
ume efficiency thereof is degraded. Moreover, because 
transmission of driving torque in accurately engaged po- 
sitions is not achieved, and loss in rotation is increased, 
25 and finally, mechanical efficiency is degraded. 

[0061] To prevent the above problems, the clearance 
V is preferably set so as to satisfy the following inequal- 
ities: 

30 

0.03 mm £ t < 0.25 mm. 

In this embodiment, the clearance T is set to be 0.12 
mm, which is considered to be the most preferable. 

35 [0062] In the oil pump rotor assembly formed in such 
a manner that the above equations (IV), (A), and (B) are 
satisfied, the profile of the tooth tip of the outer rotor 20 
and the profile of the tooth space of the inner rotor 10 
have substantially the same shape with respect to each 

40 other, as shown in FIG. 2. As a result, as shown in FIG 
2, the circumferential clearances t2 in the engagement 
phase can be decreased while ensuring the radial clear- 
ance t1 such that t/2 is 0.06 mm, which is the same as 
in conventional rotors; therefore, engagement impacts 

45 between the rotors 10 and 20 during rotation are de- 
creased. Furthermore, because the direction along 
which engagement pressure is transmitted perpendicu- 
larly to the tooth surfaces, transmission of torque be- 
tween the rotors 10 and 20 is performed with high effi- 

50 ciency without slip, and heat generation and noise due 
to sliding resistance can be reduced. 
[0063] FIG. 3 is a graph showing comparison between 
noise of a pump incorporating a conventional oil pump 
rotor assembly and noise of another pump incorporating 

55 the oil pump rotor assembly according to the present 
embodiment. According to the graph, noise of the oil 
pump rotor assembly of the present embodiment is less 
than that of the conventional oil pump rotor assembly, i. 
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e. ( the oil pump rotor assembly of the present embodi- 
ment is quieter. 

[0064] As explained above, according to the oil pump 
rotor assembly of the present invention, by setting the 
diameter of the inscribed-rolling circle of the outer rotor 
to be the same as that of the inscribed-rolling circle of 
the inner rotor, the circumferential clearances can be de- 
creased to be less than in conventional rotors while en- 
suring the radial clearance; therefore, play between the 
rotors can be reduced, and a quiet oil pump can be 
made. 

[0065] Moreover, according to the oil pump rotor as- 
sembly of the present invention, by setting the clearance 
T as 0.03 mm < t, pressure pulsation, cavitation noise, 
and wear of teeth can be prevented, and by setting the 
clearance T as t < 0.25 mm, decrease in the volume 
efficiency of the pump can be prevented. 
[0066] Next, a second embodiment of the present in- 
vention will be explained below with reference to FIGS. 
4 to 6. 

[0067] The oil pump shown in FIG. 4 comprises an 
inner rotor 10 provided with "n" external teeth ("n" indi- 
cates a natural number, and n=1 0 in this embodiment), 
an outer rotor 30 provided with "n+1" internal teeth 
(n+1 =1 1 in this embodiment) which are engageable with 
the external teeth, and a casing 50 which accommo- 
dates the inner rotor 1 0 and the outer rotor 30. 
[0068] Between the tooth surfaces of the inner rotor 
1 0 and outer rotor 30, there are formed a plurality of cells 
C in the direction of rotation of the inner rotor 10 and 
outer rotor 30. Each of the cells C is delimited at a front 
portion and at a rear portion as viewed in the direction 
of rotation of the inner rotor 1 0 and outer rotor 30 by 
contact regions between the external teeth 11 of the in- 
ner rotor 10 and the internal teeth 31 of the outer rotor 
30, and is also delimited at either side portions by the 
casing 50, so that an independent fluid conveying cham- 
ber is formed. Each of the cells C moves while the inner 
rotor 10 and outer rotor 30 rotate, and the volume of 
each of the cells C cyclically increases and decreases 
so as to complete one cycle in a rotation. 
[0069] The inner rotor 10 is mounted on a rotational 
axis so as to be rotatable about an axis Oi. Each of the 
tooth profiles of the inner rotor 10 is formed such that 
the tooth tip profile thereof is formed using an epicycloid 
curve which is formed by rolling a first circumscribed- 
rolling circle Ai along a base circle Di of the inner rotor 
1 0 without slip, and the tooth space profile thereof is 
formed using a hypocycloid curve which is formed by 
rolling a first inscribed-rolling circle Bi along the base 
circle Di without slip. 

[0070] The outer rotor 30 is mounted so as to be ro- 
tatable, in the casing 50, about an axis Oo which is dis- 
posed so as to have an offset (the eccentric distance is 
"e") from the axis OI. Each of the tooth profiles of the 
outer rotor 30 is formed such that the tooth space profile 
thereof is formed using an epicycloid curve which is 
formed by rolling a second circumscribed-rolling circle 



Ao along a base circle Do of the outer rotor 30 without 
slip, and the tooth tip profile thereof is formed using a 
hypocycloid curve which is formed by rolling a second 
inscribed-rolling circle Bo along the base circle Do with- 
5 out slip. 

[0071] When the diameter of the base circle Di of the 
inner rotor 10, the diameter of the first circumscribed- 
rolling circle Ai, the diameter of the first inscribed-rolling 
circle Bi, the diameter of the base circle Do of the outer 

10 rotor 30, the diameter of the second circumscribed-roll- 
ing circle Ao, and the diameter of the second inscribed- 
rolling circle Bo are assumed to be oDi, 0A1, 0Bi, 0Do, 
oAo, and 0Bo, respectively, the following equations are 
to be satisfied between the inner rotor 10 and the outer 

15 rotor 30, and the outer rotor 30 is so as to satisfy the 
following equations: 

0Ao=0ai=0Ai (I); 



0 Do=( n+1 ) .0 Di/n+(n+ 1 )-t/(n+2) (II); 

and 

0Bo=0Bi+t/(n+2) (III), 

Note that dimensions will be expressed in millimeters. 
[0072] FIG. 4 shows the oil pump rotor assembly in 
which the inner rotor 1 0 is formed so as to satisfy the 
above relationship (the diameter 0Di of the base circle 
Di is 52.00 mm, the diameter 0Ai of the first circum- 
scribed-rolling circle Ai is 2.50 mm, the diameter 0Bi of 
the first inscribed-rolling circle Bi is 2.70 mm, and the 
number of teeth Zi, i.e., "n" is 10), the outer rotor 30 is 
formed so as to satisfy the above relationship (the outer 
diameter thereof is 70 mm, the diameter 0 Do of the base 
circle Do is 57.31 mm, the diameter oAo of the second 
circumscribed-rolling circle Ao is 2.50 mm, and the di- 
ameter 0Bo of the second inscribed-rolling circle Bo is 
2.71 mm), and the rotors are combined with the clear- 
ance T of 0.12 mm, and the eccentric distance "e" of 
2.6 mm. 

[0073] In the casing 50, a suction port having a curved 
shape (not shown) is formed in a region along which 
each of the cells C, which are formed between the rotors 
1 0 and 30, moves while gradually increasing the volume 
thereof, and a discharge port having a curved shape (not 
shown) is formed in a region along which each of the 
cells C moves while gradually decreasing the volume 
thereof. 

[0074] Each of the cells C draws fluid as the volume 
thereof increases when the cell C moves over the suc- 
tion port after the volume of the cell C is minimized in 
the engagement process between the external teeth 11 
and the internal teeth 31 , and the cell C discharges fluid 
as the volume thereof decreases when the cell C moves 
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over the discharge port after the volume of the cell C is 
maximized. 

[0075] Note that if the clearance M t" is too small, pres- 
sure pulsation is generated in fluid being discharged 
from the cell C whose volume is decreasing, which leads, s 
to generation of cavitation noise, whereby operation 
noise of the pump is increased. Moreover, the rotors 
may not smoothly rotate due to the pressure pulsation. 
[0076] On the other hand, if the clearance T is too 
large, pressure pulsation is not generated, operation io 
noise is decreased, and sliding resistance between the 
tooth surfaces is decreases due to a large backlash, 
whereby mechanical efficiency is improved; however, 
the fluidtight performance of each of the cells is degrad- 
ed, and performance of the pump, specifically, the vol- '5 
ume efficiency thereof is degraded. Moreover, because 
transmission of driving torque in accurately engaged po- 
sitions is not achieved, and loss in rotation is increased, 
finally, mechanical efficiency is degraded. 
[0077] To prevent the above problems, the clearance 20 
T is preferably set so as to satisfy the following inequal- 
ities: 

0.03 mm <> t £ 0.25 mm. 25 

In this embodiment, the clearance V is set to be 0.12 
mm, which is considered to be the most preferable. 
[0078] In the oil pump rotor assembly formed in such 
a manner that the above equations (I), (II), and (III) are 30 
satisfied, the profile of the tooth tip of the outer rotor 30 
and the profile of the tooth space of the inner rotor 10 
have substantially the same shape with respect to each 
other as shown in FIG. 5. As a result, as shown in FIG. 
5, the circumferential clearances t2 in the engagement 35 
phase can be decreased while ensuring the radial clear- 
ance t1 ; therefore, engagement impacts between the ro- 
tors 10 and 30 during rotation are decreased. Further- 
more, because the direction along which engagement 
pressure is transmitted is perpendicular to the tooth sur- 40 
faces, transmission of torque between the rotors 10 and 
30 is performed with high efficiency without slip, and 
heat generation and noise due to sliding resistance can 
be reduced. 

[0079] FIG. 6 is a graph showing comparison between 45 
noise of a pump incorporating a conventional oil pump 
rotor assembly and noise of another pump incorporating 
the oil pump rotor assembly according to the present 
embodiment. According to the graph, noise of the oil 
pump rotor assembly of the present embodiment Is less so 
than that of the conventional oil pump rotor assembly, i. 
e. f the oil pump rotor assembly of the present embodi- 
ment is quieter. 

[0080] As explained above, according to the oil pump 
rotor assembly of the present invention, by setting the 55 
diameter of the circumscribed-rolling circle of the outer 
rotor to be the same as that of the circumscribed-rolling 
circle of the inner rotor, by setting the diameter of the 



inscribed-roiling circles of the inner and outer rotors to 
be different from the diameter of either circumscribed- 
rolling circle of the inner and outer rotors, and by adjust- 
ing the diameter of the base circle of the outer rotor, the 
circumferential clearances can be, decreased to be less 
than in conventional rotors while ensuring the radial 
clearance; therefore, play between the rotors can be re- 
duced, and a quiet oil pump can be formed. 
[0081] Moreover, according to the oil pump rotor as- 
sembly of the present invention, by setting the clearance 
T as 0.03 mm £ t, pressure pulsation, cavitation noise, 
and wear of teeth can be prevented, and by setting the 
clearance "t" as t £ 0.25 mm, decrease in the volume 
efficiency of the pump can be prevented. 



Claims 

1 . An oil pump rotor assembly comprising: 

an inner rotor (10) having "n" external teeth 
(11); and 

an outer rotor (20) having (n+1) internal teeth 
(21) which are engageable with the external 
teeth (11), 

wherein the oil pump rotor assembly is used 
in an oil pump which further includes a casing (50) 
having a suction port for drawing fluid and a dis- 
charge port for discharging fluid are formed, and 
which conveys fluid by drawing and discharging flu- 
id by volume change of cells (C) formed between 
the inner rotor (10) and the outer rotor (20) pro- 
duced by relative rotation between the inner rotor 
(10) and the outer rotor (20) engaging each other, 

wherein each of the tooth profiles of the inner 
rotor (10) is formed such that the tip profile thereof 
is formed using an epicycloid curve which is formed 
by roiling a first circumscribed-rolling circle (Ai) 
along a base circle (Di) without slip, and the tooth 
space profile thereof is formed using a hypocycloid 
curve which is formed by rolling a first inscribed-roll- 
ing circle (Bi) along the base circle (Di) without slip, 
and each of the tooth profiles of the outer rotor (20) 
is formed such that the tip profile thereof is formed 
using an epicycloid curve which is formed by rolling 
a second circumscribed-rolling circle (Ao) along a 
base circle (Do) without slip, and the tip profile 
thereof is formed using a hypocycloid curve which 
is formed by rolling a second inscribed-rolling circle 
(Bo) along the base circle (Do) without slip, and 

wherein the inner rotor (1 0) and the outer rotor 
(20) are formed such that the following equations 
are satisfied: 

0Bo=oBi; 
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0Do=0Di(n+1)/n+t(n+1)/(n+2); 

and 

5 

0Ao=0Ai+t/(n+^), 

where 0D1 is the diameter of the base circle of the 
inner rotor (1 0), 0Ai is the diameter of the first cir- 10 
cumscribed-rolling circle (Ai), 0B1 is the diameter of 
the first inscribed-rolling circle (Bi), 0Do is the diam- 
eter of the base circle of the outer rotor (20), 0Ao is 
the diameter of the second circumscribed-rolling 
circle (Ao), 0Bo is the diameter of the second in- is 
scribed- rolling circle (Bo), and t (#0) is gap between 
the tooth tip of the inner rotor (1 0) and the tooth tip 
of the outer rotor (20). 

An oil pump rotor assembly according to claim 1 , 20 
wherein the inner rotor (10) and the outer rotor (20) 
are formed such that the following inequalities are 
satisfied: 

25 

0.03 mm ^ t ^ 0.25 mm (mm: millimeter). 

An oil pump rotor assembly comprising: 

an inner rotor (10) having M n M external teeth 30 
(11); and 

an outer rotor (30) having (n+1) internal teeth 
(31) which are engageable with the external 
teeth (11), 

35 

wherein the oil pump rotor assembly is used 
in an oil pump which further includes a casing (50) 
having a suction port for drawing fluid and a dis- 
charge port for discharging fluid are formed, and 
which conveys fluid by drawing and discharging flu- 40 
id by volume change of cells (C) formed between 
the inner rotor (10) and the outer rotor (30) pro- 
duced by relative rotation between the inner rotor 
(10) and the outer rotor (30) engaging each other, 

wherein each of the tooth profiles of the inner 45 
rotor (10) is formed such that the tip profile thereof 
is formed using an epicycloid curve which is formed 
by rolling a first circumscribed-rolling circle (Ai) 
along a base circle (Di) without slip, and the tooth 
space profile thereof is formed using a hypocycloid so 
curve which is formed by rolling a first inscribed-roll- 
ing circle (Bi) along the base circle (Di) without slip, 
and each of the tooth profiles of the outer rotor (30) 
is formed such that the tip profile thereof is formed 
using an epicycloid curve which is formed by rolling ss 
a second circumscribed-rolling circle (Ao) along a 
base circle (Do) without slip, and the tip profile 
thereof is formed using a hypocycloid curve which 




A2 20 

is formed by rolling a second inscribed-rolling circle 
(Bo) along the base circle (Do) without slip, and 

wherein the inner rotor (1 0) and the outer rotor 
(30) are formed such that the following equations 
are satisfied: 

0Ao=0Ai; 



0Do=0Di-(n+1)/n+t-(n+1)/(n+2); 

and 

0Bo=0Bi+t/(n+2), 

where 0Di is the diameter of the base circle of the 
inner rotor (10), 0Ai is the diameter of the first cir- 
cumscribed-rolling circle (Ai), 0B1 is the diameter of 
the first inscribed-rolling circle (Bi), 0Do is the diam- 
eter of the base circle of the outer rotor (30), 0Ao is 
the diameter of the second circumscribed-rolling 
circle (Ao), 0Bo is the diameter of the second in- 
scribed-rolling circle (Bo), and t (#0) is gap between 
the tooth tip of the inner rotor (10) and the tooth tip 
of the outer rotor (30). 

4. An oil pump rotor assembly according to claim 3, 
wherein the inner rotor (10) and the outer rotor (30) 
are formed such that the following inequalities are 
satisfied: 

0.03 mm <, t <, 0.25 mm (mm: millimeter). 
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